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ABECH, TRAFCHFFOLHEERBMIELBEREZO VS DOPERNTS. HIDIC,
HHANAFRSRIFFLREELHET 5.

1. ﬁ;ﬂ%ﬁi?v’;@iﬁ%ﬁ[l]-
AL Hamiltvonfféi\?. BHEMANOHaniltonF & lE. ROFEABER TRRBInIR
o,

g t db oM 12N
dt”aFf“’)’ at - aglthr) (1=

BUL ., HiZHamiltonianBi#k. LR, LV HEEIXROLH>ZDHHIT 3.

dX - 7 prad o0, HNI(;’] , xe R
Newton/JED SERLE DRP SR ELT, HBRDOEER U kzseparablea % < FET 3.
H=T (BB ILE—) +U (RF2 Y 9T RAE—)
Hami I tonfk OB IR U T, ERX UV TEEBEI N SHami ltonR OB E S OMPRT.
(1) symplectictig & Fh S HBILF 2 XN w=2dpAdy 2IRFT 5. VWhws, 2
KOWMALEERFEREKRL, AHEEREHREMRET 5.
(2) HREZEHt 2BIEEIRV (0F 0, REH, RO LUEEHEHO) BE., 221
F—HOEHSZBELZE > TTELRERS.
3) T2LFE—HEDT, E1BHPOLEH, PossinfEIRII 2V THU 5.
%ﬁﬂ#-#%%“%@\%WQI?ﬁbfﬁlﬂ%®HEM2$~A CRURThL
LEHEFRETHS. CNODOUHER 2L HIIHNIN AR LT, 2hEh
(1)-=>Symplectic Integration MethodZ (LJT. SIMEBRERT 3)
AIE (HfE) REEL2ET 580, Volume(Area) Preservig Method
(2)—>Energy Consevation Method A& &MEXNZ.



B. LagrangefE3k. (B D) HHANERE., TLEHFE
. s o
Sf, L, #,t)dt =
b‘%fﬁﬁﬁulerﬁfiiﬁ?%ﬁﬂtéﬂ%
oL L

d (9L aL 2] 2E i

—_— T - T = - + _oa
dt(aic) 28 Z( az*az-l B+ S az'm ) TS
ZHIE2EODET. #FLOERREARSERMAAY. EulerFERIU, LegendreZsit
TEE£ABRAEEVRBYVES . LagrangelEN U D0 T EopOBHIIBR AR —L BT
RKEL TV 3.

—RI, 1 20AF— AP LEOBHEZHERT S EURATI 2h 2 20HHEE
FhE2LDUBROIREET S EDHZL. UT, ENEFhOHERBRELRAS—
LOEFHE (TROUDPDUNIEAN) RDORETFS. HbsRVRY ., HEIHER
OHEFRBRENEL, tTAFVTH, hTAFV TV A ARRTDIOET S,

2. Energy Conservation Method.
LRAX¥—RRETALIIIRENLAF—LUEHEMILEALATHVEN, BEZRDHOOD
15 HGreenspanilk 5D Ebh 5.
A. GreenspanDFFiE. &L, separableftHamiiton®k T, Hamilt\%ﬂan

HCE )= £ éo«,‘cm’- £ LICH)

WU, UTOESABATAF—L2HMT 5. BL, #NOEVUEFIZ, UOKIZK
FUTEDLAL, $RFOFV AT TREEGSTEIEHATETERY (HOAF
— LWL PIORBTIRLF —RERRBALVLBDOLEET ) .

g‘t‘-ﬁ-l_?t: Per; * P - ,me_kb:
A atfe grmen) Bkl

Au. Fe :7?&’2»1:‘55%:1@73"\’?3.
F-t'(itﬂ‘ﬂtt): LI CEey)— L)
Fe > -9r2dll  as h— 0




@1, potki2.38] U=U(r), r2=2(qi)? (N=3) ([BIdMERT I BMNTNS)

Et-—- _ L) = LTI(V#) ’. Yeri— Y . _/_//U). r
Fep — Fe Feq+ It r
2% ACalogero®l4]  UC=(a'-g2) 2 (N=2)
_ (Bt (B8 . —2
, ( 8{£'+/" ?%t’ﬂ)z‘ C 3-’(;* $% )% = (8- 32)3
Fo- - F

B. separable T/ HamiltonRiIM T 5 L2 L ¥ —RE. Xlaheix, EHH
¥z 255 RESvariational difference quotient y
Ai‘ j(i)'.}= f(y'll le"“/ 1'\/) - f(i’l ;(Z/ Tty X )
Ax* F(x) ly = Fey, ur e Ny = Foyl 2, )

- em am  mm e em e mm e e

Buferl, = £ P, 0= F HLE o, 2

FHOVCTIANVF—RER2ENTS20 08B INTVS.

L L e P
e = ¥e —pph e, h), DRSS fgi (oo, )

FOMHOFEELUT, UTOLIROOAEHAIBEEL T S.
1. BEOARRZFHTFEUTHY, BEFRINZL > TZ 2 A¥ —FEERENTS
A (B, [5]. F1 I AEREMRRFEIE S L DTHE)
2. differential/algebraic /RN E UTAEBT 2 4%k (HFRAFER ML EDOE
LT, BlAW, C251) .
ILALE—REOHFEUEMPRVEBEB T, RVKRIRBEILRLLILEDLN 3.

C. ZRL¥—REOHE. Hamiltonse A EHE 1 (2¥IT) Lo II@EuEiiEr
FAF—fR (O—H8) THEILHIILF -~ RFLEOBEHRZKENCHAIES
», ZHHEOROBAHEHOBFRE VLV HS>ERTUHXL2T LLEY TRV, BRI, &
1 O OHEAPBIEFOERILEZABFEI DV TROERSS 5.



2 5hMBEOBA I2ALF—-FE-HEOEK sensitive
o9 >20E 1 EF->BEOER IR IVETT
AR TFOBE L 2% —EE-BE0FKCsensi tiveTRL
LU ¥ —BIE dHani ltonB B ED S E VS ER TEF R EERE 1A TH 315, Zh
BHBERPEEFRERE VS BERLOTEEE VSRERASEE ST, EBLLELS
BRCEZORBEA 7 TUAYRUBEELRV DI ALY -t HOE 1S ERAUL 1
SORFERTHIEARTESHES LV LR,

3. —HROE 1 EHYOHARE.
§2TAL LA SREBEHATIRETORVES, (ZRALF—280) F1R/HEEDRE
EBFEEINZOEA 5?7 Shampinell K1 il, BEHROFX 1 AKX THT 5E 1 EHUEE
ISR INB I EHEL. Runge-Kutta (LLT, RK) BMAKOBA2RE A& RT 5.
(1) IRXNTORKARUIBODEBFHFETHSF 1 AROE 1 o2 BRRETS. Thld
LMETHEUB]. HHRAFEROH TN S &, eyclic coordinate® ] 1 D
Calogero R COEEBEBEEMNEAIT 5.

(2) M=0 (%iF) 2R3 REKARE. ODE#HFET 554 2L EAOE 11ES
EHAGRET A07]. %4 T 5RKAKIE, Gauss-LegendreBID &k S B oo,

B) LVPRAREAALF XY 2ELEALAOE 1 BT —RIHAREZLRL
(DEDVT, M=0:2@ERIRVRKAXTLRED2/XRE | MARBERRET 2200
FOBAL, BROVWTHHEHELREZ U LE I E S PEHEEOROERE U THRAREFESH
52EIBVEHIRIEFET S.

B, PONRTULTHAEDE (g, pOF2RXN) HE 1D E LU THES L,
W= L O#E» S 3 FECEEINZ ZE R RET 25, COMHEERKAREAL
e EHRERCHBARIEESETEIRME, (DTRULEAREZHVAILEHERETHS.

4. LagrangelEAWCHELRBEAX—4.

Euler AR —RICERE TR, EHERRIRUEIPRVEB >N S. EHFEEORM
BELRE ARY SHMHRUELS FHIRIREHOS IMEERIHEELTHY, FLIER
FEotuler FARAZEEL RBELHRET IO THRIKHEAS I LT S,



A, SIM (REi) EoMiE.  LagrangianL BZ@ )2-U(E& VWS ER U TW 518
BREZAS. ZO&E, BulerFENRERET, WIET SHami I tonFRidseparableTH 3.
g =fiCa), f'(a)=-3U(a)/aq" (EulerAERX) : a'=p;, p=f' Q) (FEHER
RHWEHU TR RN TONystronBAKXZBATES. T72h 5, NystromB A5
S| G s Ber= B+ h et W Z bike
Co| Ggr - Qss BtH - gt p > b ke (4. 1)

- — -jf(?t~‘-l4c¢3-t+h LG:J )
y b’ bs

Bl &khid, RARDEISRU.DHS IMEBEZ S LDOLE+T+NZURELZTVS
b= Clmer),  hi(h—ap)=b (b= )

2 ESHAD»S, EHFEBOBRBRIL T 3HBUELFHE S SL >0, 9. )=0F
HY 3. :ntiﬁ%Euler%ﬁ}ﬁfiK%i&(

S CBe, Ben) + 25T 1, Be) =0

t .

FHOLWHU T, BEdy/dt=>(g:. g /hE U TEZMA LD ORHMHRUELEEL
BATBE. (0. 20+l /0=t ()R SANOES HEA RS 5. #MLagrangiank
Lo EMRBERT A LT, BUEXABEERT AZELTETHS.

EiL, EulerZEHRAERE, H#H B legendreBMIZ L >THSS | MEEMER LS
[l &M NTHEY, SIMO120RBEXATHHS. ULp Lo, Eulerﬁﬁ}ﬁ
BARTHULKEZA S —AOWERIHEOEZIARVRVESZEDAL S,

FDIT», separableRDEuler AR WU T, TIAX—RER#EL T AF—L0OH

A5 52 EbET 30101 |

B. 2Ot Hix. BYR (BHX) EEEP, (1) ((shifted)legendreBIEK, =

M#me) s ALT, B (OREREML.
M

$(t) 2: o Pty o B NyA- T
=0

FERBEA (a0 a ) fL(q(t) a(t)dt I U T, 31/3a, =0 & >THIA—
?O’ZJiL’;‘&iET%ﬁ(fiﬁ&')% XH[11ITW. shifted Legendregfﬁfﬁ*ﬁ“f R



BOPEERRENTVS . il1-conditioned{TH |OHIEAZSOEE SIS 5000, B
B I2BUER R B fH TV S

5. Symplectic lntegfation Method (SIM).

BE oA v A B R R N T L BB E 5 —7, S IMIZ2WTIREGE
ERWCHERED SN, DRV FEESLABEVASRABELTV S, 5 IMEW
wmmmme%$%wﬁémﬁhhmmwmm FHER DO, JTERIICER OO
FELC 7 AE CRETTLE, BEICS I MO DWW T HREYT .

AL RESEE U R IR YA HE
[261icix, S TMOEEHNE UTRO R D GNP EE TV 5.
R.DeVogelare, unpublished papers, 1956.
R.D.Ruth, IEEE Trans. Nuc. Sci., NS-30, 2669-2671, 1983. (& others by the
same author)
PoincarefRBICE CHODPO AL —LERRUVLBOT, SIHENBIEHU.
Feng Kang, J. Compt. Math., 4, 279-289.

B E T IERRMRBRENTVL .
J.M.Sanz-Serna, BIT, 28, 877-883, 1988.
RKES I MOEERRUEHADTOR , BEMRMBFLOICRKES ITMMD

BreesiERIREN TV S,

FOM, FEYMHEEERFOLLTAROBEDEET S
S I MOEMATELIROE SRS 3EEbh3.

(1) Poincare@BIEICE < DD,

(2) Symplectic Runge-Kutta Method

(3) Hamiltonin vector fieldDBHFBHCEIDD.

(4) WeinsteinEREEEICE <D D,

(5) Fotta.



KT, 1ERERCHZR->T, LOFERFREO2VLVTHEBI2ZRASZ L2 5., E8G, p
(0, P)WBsymplecticTH 3L DOLETAREBPROMDENT S &,

(1) SdpiAdgi=SdP; Ada |

(2)  JacobifTHIT=3(Q, P)/d(q, p)W, T*IT=]RART L.

(3 Poi.«"ss;on%”}ﬂli{_,}mﬁal)'c, @7, Pjk=6iy, (@', Q}={P;, P }=OBMIT BT
Mz b, LagrangefEl B AV R RHELHM AN TWS. ThaRiERU, HOEEOER
FifEsl &eonsistency 22 & 312, B¥KA(q, p), Pla, PREEMY S BHETH DL
WS EAEN S B b, (EEOHani 1 tonR AT RERANS | MUK 2 Y BIAR
DS IMEEHAMRRENS S (FIAW, separableR V) & WO HMMNH S,

B. PoincarefiBIRIICEL S I M. E#ERERTDEIWHER, symplecticF
BIOORBERVWAZETROEW R THRATEBZERALVRTLIY X4,

W, PA

—— I e e— . =W' I@lt
7 Y W, ‘ (% )
2) P= E_V..Y}’ Q: —%—V;D/—l-, szwésgl P:-t)

<3) g,_,'a_% P:-—D\—Mé) V\/j«:Wg Qf/ Gl t)

TP IQ
‘=_ﬂﬁ = IW« Wy=we (P, P, t)
4) 8 i Q T

[261iik, FUEHD OBRBOAR WO TV BN, EFEEMREN TERTHS.

2. (18125 3Rk RuthOBERET) .
separabled da/dt=P(p), dp/dt=f(q) ; Hamiltonianldh(g, p)=T(p)+U() (Tidpd 2%
X)) L2094 7ORBEEEUT Wo i1 @i-1, pi)=ai-1pi+la; TCi b UG -] (=)
REOEHAU, 1AFvT2EDS(e, pa)>Gn, p)ftER2RNTRRT 5.

pi=py -1t £(gi-40h, QI=.qi—1+a'iP(pi)h (=1, «vvy n)
nWAUTOEE, NFX—Fa;, b BEHBSZETnRARABRRTES.



no= (ay,by)=(1,1)

no=2 (ay,20,b1,b2)=(1/2,1/2,0,1)  leapfrog
(ay,82,b1,02)2(1,0,1/2,1/2)  pseudo leapfrog

n=3  (a,82,83,b1,be,b3)7(2/3,-2/3,1,7/24,3/4,-1/24) (Ruth)

n=4  a;=as~24217%427173)/8,  ap=ag=(2-2173-27173%)/6,
6120, be=ba=1/(2-2173), be=1/(1-2273)

NGA—=T DRECKEHERSSDT, HOEDTTHE.

C. Symplectic Integration Method. R K23 %Buthcer array C::{‘%‘l THRHTS.
17 51M=Cm; &_)?Em;;:k);a-,fb}a}. "hib, TERETS. M=0%ad, EEOHan | tonRITEH
UTH o n 55 & IEsynplecticE 72 BL15]. ¥ T 3 R KAKOEMQRA HBI1TIER
N TWVAES, Gauss-LegendreBI AR R E MR TH S = QMAT, BEHNFNR
TIE#Mal, aﬁ@ﬁﬁ%%%@&@,ﬁma?m&5mﬁﬁ%%@jﬁ.

AREMWZEUT BERBHE) . ?fc”ﬁi’i‘if?ﬁ?c‘&(stabi lity function) R(z) 3%
FREEOREHTTROMEEBR DY, HHEH L IEEBGES .

EERE T IR(2) I <I+ARE

ik | R(2) | =118 %L O E#2 BT

FELHEET IR I > -EENROTHFE

SEEMEWCE LT (BIER, EREREMDT) .

HDEMQUTU<2%E®ﬁ%E®£ﬁ*B%ﬁ

HORENATV S 28E O RMEOEY
AN R BERICERE L, BEHani tonRIZH U T X % — A0 HsymplecticEig e 5
ABLHOLETHEZEHRRDBZ L, M=0L D5V RRC-2)=1 THB[14]. M=0%
WY ARETROZEMEHHBRKARIBIRELREORMERLERT . CORMGREY
TOLEAREE VWS MEHT T, £@ TAREMRIRELT) TRUREEBMKY I2019].

Symplectic RKAD Poincare HEEKDEIIRD AN TV S, L2011 L0
K(ae, pre1)=pe * dess-hZbiHCa; pi)-hBZbia e Caispi) » Helays pp)
BEHEHTHBIEMRINTV S, Fh, d?a/dt?=f(q) & symplectic RK NiEEEH
Ul IO ERE L |



(s Pre1?3Py * Greg-h b UG D -hopy » |af,/2+h3}3bi-(b
THALHIEFBHEINTWSB[21].

a,&)f(q ERICIDIY)

D. Hami I'bonizin vector field OIEEERIZEL S I M. separableRICHEHT 3 2
EHE. EEEE G, p) RHUT, |
I 3 9L 3
X = (afb gl a8¢ of; )

B (1 R2EB%ET 5) Hamiltonian vector field &V Wy FMT— exp(hX;) &

Hamiltonian H(g, p)= T(p)+U(q) BEODKRODEOHEL exp(hXy) TH AWM, U
THHERNTA =5, d;BEL explcihXr), expld,hXy) BHAEHE S CHhEET:
DR ERT BTNETH B, BRI EGE U T, XH[22,23]8 4880 % .

B3, TC=Zdpi )2 Wi UTWE explhXy):(a, p)—>(athp, p)

U=UCa) W2xd U Tt exp(hXy):(a, p)=>(q, prhf(a))
ENENDTO—ENERBRER TV SIWRE. $7, &5 g BPoissontE
WeowTT, UDKAEEH, 20, {g, Ti={g, V=03 W, gXENAEROR
HETHY, Fhis, HI=0BREDI DD EOHami tonROEI1ELTLHB.

E. VeinsteinBBIEICESS IM. Weinsteinld, EEREBSCORAVTUATOLS
WHERL X B B =Xy Dsymplecticla s 2 & BR U 2024].

xre1=xt(h/2)) ¢ gradS(x), xi=x-(h/2)]) +» gradS(x), x:dfE{E
COE&E, MBSO E RVeinsteinEF BB E & &,

Hamiltonk dx/dt=J « gradH(x) DM ICLEO7ZILZY X LBH W, SEUTHREDE ¥
S &Ry B3, TR, THElerdRORulerRiBAR =BRITHEAR) BE
ATWS. $hhb, RKAUARDIDEESX 5.

SEUTHE2RAOEFEER, LO7LIY X hidCayleyB S TR REKITIE T 528
S IMBEAS (XHILIEBV TPadéiE Bl BEL THUCERENTVS) . €7
WHOBKT, A7L2YALESS5BORES IMO (RKES IMICEEYT 3) 120
EMILEAREBEVR LS.
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F.

SIMOSELIR? UEB-oh0XA7DS IMEBEL TS, — Bl

DX S enerit(denerit) BHB3DEA S50, TREFHhDEATTRELRHOEBRNT,
B LBEEBEE TS,
(1) HamiltonFA®HaniltonfEBIR Iz & BWAERE S .

(2)

(3)

(4)

REVCEFXRTOBIRTEBOESIEN, HEREEZERLULRVEY (hi+n
MNENEE) KIEMRIZD DHaniltonBERRORE LB LEX SN TS,
EREEE, 530, RERSHHE (EHFBREREIT SLicl) 2ERT
B0 Yo EoRRE., pEik, » SR Dnunerical dissipiationZpfibd BT &
B35,

EHMS IMR, 8L T, EREESTY, EHESZROBEGHRII#ET I VS
RNHBH[26]. RKES IME2MIcHD L, synplecticRBEM=0 Dz, BEHIE
PO RUENERLBOL>THS (BER, ERELRIRKEAR CIARK
WMEXHTVB) . CDrE, §5, CTRNIELS %, REDH R &3 REHE
HHETHREAIK<BERIhE. ER, TOZLBRHEEORBII >RBEBLS
THB, ULhrLds, BAAKXTHI05Q X0 EEMH O M®, EXx¥Gauss-
Legendre AR TR A A — X DEPBHEMICI UL E XL bR LI X B3¥E~D
BERYAFATHHERD.

symplectic geometryD R EHPMERIT KM TE S,

Kepler:sBBi & iz M5 5. AE 3OH.LHRT, Haniltonianid H=2(p;)2/2 -
1/r THB, BEEM EOREE, BHEKRTSS.

Hoh%RE, DTFTO3BEOB1BAE2HETS. (DX v¥—, ()AED
& L=pXq, Q)BLNY ML, TOWH, (DFFB2KRSHARTHB D, EHAF
— L PHERETIORQETTHITEBEI R, ZTRASHIDOS IMILK
STERERIZITY, ARHBROREIBMEIR-RAEZXSZ. CoLx, Bl
BtBELT, LTOZE:BOXB23DTH3B.

(QEHEBOFEFE. (¢XL=0itXBDT, C OB iksynplecticity & IR BHRTH 3)
WEBoERBIFATICNL T, Z22HFBRNiX(q, p)=(Tq, Tp) WS EHRIZHLTH

%, ﬁ%“?‘%‘f, 1.9@&@%‘:((11:’ Pt)i‘j'l/.(, (th, TPt)%iTCﬁﬁEﬁka“Uy
HEBOBHEBRYES LoGRBEIRIEEHRB[9,27].

()ZETRMEL BIFRBUOBB TR IS TRESAR L, WBE+DNETRIE,



"

BEBROBREIBEAIRL BB L TS XD dd, -, HRERS.
ZhIZHU, BIxiE, 176,182 EHW L &), BABRLIZHA~EZADD,
&6“ﬁ%ﬁﬂmﬁétw5ﬁ%%ﬁbﬁ5?56.%B%A,Eﬁéﬁhh#k
WIBRLRMOBEEHETREDINEHDTH DY, @HHMERTHOL UTHK
BorBbh 3.

SIMitid, ¥EEFHFRNZREEORBOEE LMY ARTRET SWRENIEX
RTHY, BARBEOHRENRTHSS LBbh D, BRIz, SIMOFKILE LU THED
overviewk £ X 23H D& LT, XMI29]1% 1S 5. HiZsynplectic RKARIZBE L T, 28,
BEBLEPHEUIBEREIN TS,

HHMAZERITHTIHERELOD XA Mz b ST, AR 1R HES ORI
Rolol, WK, HEIEY I REEL EXREIFBIISIRICDIEL L BDREOTH
BHRbODRIBE o Z L BB I LET,
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